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Abstract: Background. DNA extracted from tumor cells or
normal cells contained in formalin-fixed, paraffin-embedded tis-
sues is widely used in many laboratories. The 2 most common
procedures to isolate cells for DNA extraction from paraffin-em-
bedded tissues are scalpel microdissection and laser capture
microdissection. A new tissue- and time-conserving method for
rapid DNA isolation from small cores taken from paraffin-embed-
ded tissue blocks is described in this report.
Methods. DNA was extracted from small tissue cores col-
lected from paraffin-embedded tissue blocks at the time of tis-
sue microarray construction. The quality and quantity of the DNA
extracted was compared to DNA collected by scalpel microdis-
section. DNA collected from tissue cores was used in polymer-
ase chain reaction (PCR) and loss of heterozygosity (LOH)
analysis.
Results. The quality and quantity of DNA obtained using tis-
sue cores was comparable to DNA obtained by traditional meth-
ods. The tissue core method of DNA extraction preserves the tis-
sue blocks from which the cores are extracted for future use.
Adequate quantities of DNA can be successfully extracted from
small segments of tissue cores and used for PCR. DNA isolated
by tissue microdissection and the tissue core method were com-
parable when used to assess allelic heterozygosity on chromo-
some arm 18q.
Conclusion. The tissue core method of DNA isolation is reli-
able, tissue conserving, and time effective. Tissue cores for DNA
extraction can be harvested at the same time as tissue microar-
ray construction. The technique has the advantage of preserving
the original tissue blocks for additional study as only tiny cores
are removed. VC 2007 Wiley Periodicals, Inc. Head Neck 29:
465–471, 2007
Keywords: DNA extraction; tissue microarray; squamous cell
cancer
Paraffin-embedded tissue is an excellent source
of DNA. The stability of DNA preserved in paraffin
after formalin fixation allows it to be successfully
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extracted from tissue stored for many years. Previ-
ous approaches to DNA extraction from paraffin-
embedded tissue have employed either scalpel
microdissection of tissue or laser capture microdis-
section (LCM) for very small specimens.1–6 Both
techniques have the advantage of being able to
separate tumor from normal tissue. Scalpel micro-
dissection employs a stained tissue section to iden-
tify tumor or normal regions to similar areas of an
unstained section that are carefully scraped from
the slide with a scalpel. In LCM, individual clus-
ters of normal or tumor cells can be identified
under the microscope, outlined, and collected.
Both methods may require cells from up to 20 sec-
tions to be dissected in order to obtain adequate
DNA for polymerase chain reaction (PCR), and as
a result may require the use of a large portion of
the specimen. Microdissection and LCM are time
consuming and technically challenging. LCM re-
quires special equipment.
Tissue microarrays are a powerful strategy for
analysis of gene expression and have become an
important research tool.7,8 Tissue microarrays
contain multiple small cores of tissue harvested
from standard paraffin blocks and arrayed into a
new paraffin block.9,10 This allows hundreds of
patients to be analyzed simultaneously from a sin-
gle section cut from the tissue array. When DNA
analysis is simultaneously performed, it is advan-
tageous to use tissue from a site immediately adja-
cent to those placed into the array.
To construct tissue microarrays, a hematoxy-
lin-eosin (H&E)–stained slide is prepared from
each tissue block, examined under themicroscope,
and used as a guide to identify the regions of the
block that contain either normal cells or cancer
cells. These areas are circled on the block with a
marking pen, and small cores of tissue are har-
vested from the regions of interest and used to con-
struct tissue microarrays. Typically, 3 cores of nor-
mal tissue and 3 cores of tumor are placed in the
new tissue microarray. It is a simple matter to col-
lect additional cores of normal and tumor tissue for
DNA extraction at the time the tissue array is
built. DNA extraction from such tissue cores has
proven to be quick, technically easy, tissue conserv-
ing, and adequately enriching for normal and tu-
mor to carry out loss of heterozygosity (LOH) stud-
ies. The advantages of the tissue core method for
DNA extraction include preservation of most of the
original tissue block, the ability to select a specific
region of the tissue based on a guide slide (eg, tu-
mor vs normal), the simultaneous creation of a tis-
sue microarray, and the ability to take cores for
DNA extraction adjacent to cores placed in a tissue
microarray.
MATERIALS AND METHODS
A 5-lm section was cut from the original tissue
block for each specimen prior to harvesting tissue
cores. H&E stained sections were examined micro-
scopically, and areas of tumor and normal tissue
were marked. This created a ‘‘guide slide’’ that
was compared with the tissue block and used to
locate normal and tumor areas on the block from
which cores were harvested.
Cores of tissue were collected from paraffin-
embedded blocks of laryngeal squamous cell carci-
noma, normal mucosa and connective tissue, and
lymph nodes using a manual tissue puncher/array
device (Beecher Instruments, Silver Spring, MD),
as previously described.11 The instrument consists
of a thin-walled stainless steel needle with an
inner diameter of 0.6 mm and a stylet used to
transfer the core to its new location. Three cores
from both the tumor area and normal area were
used from each block to create the tissue array.
Approximately 3 to 5 additional cores were har-
vested from the normal and tumor areas for DNA
extraction.
The tissue content of 7 cores collected from dif-
ferent blocks was examined in the following man-
ner. The core was turned on its side and embedded
in the new paraffin block. Five-micrometer sec-
tions were cut from this new block so that the new
sections contained a cross sectional (rectangular)
view along the long axis of the core. The H&E-
stained sections were examined microscopically to
compare the tissue content in the original H&E-
stained section with that along the entire length of
the core. The percentage of tumor cells in each
core was calculated by determining the area of the
core containing tumor cells in comparison with the
total area of tissue contained within the core.
For DNA extraction, each core was placed in a
sterile petri dish and measured to determine the
length of tissue contained in the core. Excess par-
affin was removed from the bottom of each core
and discarded. Samples of tissue, 1, 2, 3, 4, and
5 mm in length, were cut from replicate cores with
a sterile no. 11 scalpel blade. These different
lengths were used to evaluate the relative amount
of DNA obtained from various tissue core lengths
and to determine the optimal length of a tissue
core for DNA extraction. The segments of each
core were cut into 4 to 5 pieces per millimeter of
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tissue, to expose more surface area for DNA ex-
traction, and transferred to a sterile microcentri-
fuge tube. DNAwas extracted from the cores using
the protocol for the Qiagen QIAamp DNAMini Kit
(Qiagen, Valencia, CA) for isolation of genomic
DNA from paraffin-embedded tissue. The protocol
includes xylene dissolution of paraffin, overnight
proteinase K digestion, and isolation of DNA on a
spin column. Prior to the final elution step, elution
buffer was warmed to 508C, and then 125 lL was
applied to the column and incubated at 508C for
10 minutes. After centrifuging, the eluate was re-
applied to the column and incubated at room tem-
perature for 10 minutes followed by centrifugation.
When adequate material was present, the concen-
tration of DNA was determined using OD260 mea-
surements.
The quality and quantity of the DNA was as-
sessed by PCR amplification using 1 and 2 lL of
template in a reaction volume of 20 lL using pri-
mers for exon 6 of p53. The PCR reaction mixture
consisted of 2 lL of 103 PCR buffer, 1.2 lL of
25 mM MgCl2, 0.4 lL of 10 mM dNTP, 0.4 lL of
10 lM forward primer, 0.4 lL of 10 lM reverse
primer, 0.15 lL of Expand High Fidelity enzyme
(PE Biosystems, Foster City, CA), 1 or 2 lL of tem-
plate, and water to a total reaction volume of
20 lL. PCR conditions included incubation at
948C for 7 minutes; 35 cycles of 948C for 50 sec-
onds, 608C for 50 seconds (depending on the melt-
ing temperature of the primer sets used), and
728C for 60 seconds; with a final extension period
at 728C for 7 minutes. Ten microliters of PCR
products were examined using a 1.5% agarose/ethi-
dium bromide gel.
Forty-three laryngeal cancer specimens were
evaluated for p53 gene mutations using Affyme-
trix p53 GeneChip technology and DNA extracted
using the tissue core method. Multiplex PCR sam-
ples were prepared for the p53 GeneChip accord-
ing to the manufacturer’s protocol (Affymetrix,
Santa Clara, CA). Because DNA from tissue sam-
ples is often fragmented, separate PCR reactions
for segments of the longest p53 exons (exons 4 and
5) were carried out as follows: 3 lL template DNA
solution, 5 lL 43 PCR reactants (see manufac-
turer protocol), 0.4 lL forward primer, 0.4 lL re-
verse primer, 0.2 lL AmpliTaq Gold (PE Biosystems,
Foster City, CA), and 11 lL water. PCR conditions
included incubation at 958C for 10minutes, 35 cycles
of 958C for 30 seconds, 608C for 30 seconds, and
728C for 45 seconds, and a final extension of 728C
for 10 minutes. Ten microliters of multiplex PCR
products were examined using a 4% agarose/ethi-
dium bromide gel. Products of the separate exon
reactions were resolved on a 1.5% agarose/ethi-
dium bromide gel and then purified from the gel
using Qiaquick gel extraction kit (Qiagen, Valen-
cia, CA), according to the manufacturer’s protocol.
For laryngeal carcinoma samples, these products
were added to the products of the multiplex PCR
prior to proceeding with the remainder of the p53
GeneChip protocol.
LOH at 18q was compared using PCR products
from DNA samples of normal and tumor tissue
obtained by both microdissection and from tissue
cores for 8 different subjects. PCR was run using
fluorescent-dye-labeled primers for 8 polymorphic
markers along the long arm of chromosome 18q.12
Labeled PCR products were transferred to a 96-
FIGURE 1. Flow diagram for production of tissue arrays and harvesting tissue cores. On the right is a hematoxylin-eosin–stained sec-
tion from a tissue block from which cores have been punched. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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well plate. The samples were loaded into the ABI
model 7700 Genetic Analyzer and run on a capil-
lary microarray capable of 1 base-pair (bp) resolu-
tion. Extraneous peaks resulting from primer
dimers andmisfires from nonspecific binding were
excluded based on the expected size of the amplifi-
cation products. Chromatograms of the results
were printed and assessed for LOH.
RESULTS
A schematic representation of the sequence fol-
lowed for collecting tissue cores for microarray
construction and DNA extraction is presented in
Figure 1. An H&E-stained section from a block
from which cores have been removed for array
construction and for DNA extraction is shown in
Figure 1. Preservation of themajority of the tissue
for future use is evident.
Tissue cores were assessed to determine if the
tissue type identified on the ‘‘guide slide’’ is repre-
sentative of the tissue type through the entire
core. Longitudinal sections of cores from 7 differ-
ent blocks were mounted in new paraffin blocks,
sectioned, mounted, stained with H&E, and ana-
lyzedmicroscopically. In each specimen, the tissue
content throughout the core was found to be fairly
consistent and to be representative of the tissue
type identified on the ‘‘guide slide.’’ Microscopic
analysis revealed that the tumor cores selected
from regions on the guide slide to contain a distri-
bution of 70% tumor to 30% normal cells,
equivalent to that typically achievable when
using traditional scalpel microdissection from
multiple tissue sections. This finding was consist-
ent in all cores analyzed. Representative longitu-
dinal sections from 3 tissue cores are shown in
Figure 2. In these cores, the estimated proportion
of tumor cells to stromal cells is 70% to 80%,
which is adequate for most types of tumor DNA
analyses.
The quantity of DNA isolated from different
lengths of the tissue cores was assessed. Squa-
mous cell cancer of the larynx, prostate, and
lymph node samples were included in the analy-
sis. Despite the relatively large fragments and
reduced surface area of core sections when com-
pared with microdissected tissue, with overnight
digestion in proteinase K of the tissue cores, there
was little undigested residue and excellent DNA
yields were obtained in proportion to the amount
of tissue digested (Figure 3). Early experience
with shorter periods of proteinase K digestion
resulted in larger amounts of undigested residue
being observed. For prostate and larynx sam-
ples, the amount of DNA extracted was stable or
appeared to decrease when increasing the tissue
core length from 4 to 5 mm. This result may re-
sult from less efficient proteinase K digestion
with the longer tissue cores. As expected, the
best DNA yields were obtained from lymph node
samples, which represent the densest distribu-
tion of nuclei to volume of the 3 tissue types ana-
lyzed.
The quality of the DNA extracted from the
cores was evaluated by PCR amplification of a
FIGURE 2. Hematoxylin-eosin–stained section of a tissue core
cut longitudinally. Section shows tumor cells distributed through-
out the core. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
FIGURE 3. Comparison of quantity of DNA obtained versus tis-
sue core length used for DNA extraction.
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150-bp segment enclosing exon 6 of the p53 gene
(Figure 4). Using 1 lL of the DNA solutions, PCR
products were visible in every lane for the samples
extracted from a 1 mm core length except for the
laryngeal squamous cell carcinoma. When the vol-
ume of DNA solution used for PCR was increased
to 2 lL all lanes contained a visible product.
The DNA isolated by the tissue core method
was also tested for use with the p53 GeneChip oli-
gonucleotide microarray (Affymetrix, Santa Clara,
CA). The first step in this process is a multiplex
PCR, which simultaneously amplifies exons 2 to
11 of p53. As demonstrated in a representative
experiment in Figure 5, exons greater than
approximately 250 bp in length were not amplified
in the laryngeal carcinoma and prostate samples.
We postulated that the DNA of the specimens
might be more fragmented from the practice of fix-
ation in formalin. The age of the samples, particu-
larly the laryngeal samples, which were over 15
years old, may also have resulted in greater frag-
mentation of the DNA. A separate PCR reaction
using only primers for exon 4 of p53 provided evi-
dence that exon 4 could be amplified in the lymph
node, but not in the laryngeal carcinoma or pros-
tate samples. This supported our hypothesis that
the DNA from the older formalin-fixed samples
had been fragmented to a degree that segments
longer than 250 bp (eg, exons 4 and 5) did not pro-
duce visible PCR products, although DNA seg-
ments from the smaller p53 exons could be ampli-
fied. By dividing exon 4 into shorter segments,
such as the 146-bp segment illustrated in Figure
5, the DNA sequence could be amplified without
difficulty. Figure 5 shows a PCR product for all
samples, including the laryngeal tumor sample,
indicating that the DNA for exon 4 is present in
the sample, but not as 1 complete segment. To
overcome the problem of DNA fragmentation in
the older samples and still utilize the p53 Gene-
Chip, exon 4 was amplified as 3 overlapping seg-
ments, and exon 5 as 2 overlapping segments. We
amplified these smaller segments in separate PCR
reactions, purified the products, and added the
products to the product of the multiplex PCR reac-
tion prior to proceeding with the p53 GeneChip
protocol. This process ensured that exons 2 to 11
were represented in each sample applied to the p53
GeneChip. Forty-three samples were evaluated for
p53 mutations using this strategy (data not
shown).
An additional assessment of the quality of
DNA obtained by the tissue core method was made
by comparing samples of normal and tumor DNA
isolated from tissue cores with tumor DNA iso-
lated by microdissection for allelic heterozygosity
on chromosome arm 18q in 16 individuals. There
were no differences in the results obtained using
DNA obtained by either technique. In 3 instances
in which LOH was detected using the tissue core
method, LOH was detected using microdissection
as well. Similarly, in all cases in which there was
no LOH using DNA extracted from the tissue
cores, the same result was obtained with microdis-
sected DNA (data not shown).
FIGURE 4. Example of results of polymerase chain reaction for exon 6 of p53 utilizing 1 lL (top) and 2 lL (bottom) of DNA extracted
from sections of tissue cores of different lengths.
FIGURE 5. Multiplex polymerase chain reaction for exon 4 and
4.1. The results demonstrate amplification of full length exon 4
(row B) in the lymph node sample, but not the larynx or prostate
samples. Exon 4.1 (a 176-bp region of exon 4) (row C) is amplified
in all samples.
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DISCUSSION
One of the major advantages of the tissue core
method for isolating DNA is the preservation of a
large portion of the original tissue sample. As lit-
tle as 1 mm of length of a tissue core can provide
sufficient DNA for PCR analysis. A single core
from blocks that have not been cut numerous
times provided sufficient DNA for multiple assays
including GeneChip analysis which requires
60 lL of PCR reaction product. We were able to
successfully use this new method of DNA extrac-
tion on specimens from a completed clinical trial
in which pretreatment biopsies had been studied
numerous times in the past, so the tissue thick-
ness had already been reduced.
Taking cores from paraffin-embedded tissue
samples leaves most of the original specimen
intact. Sections cut from a tissue block from which
tissue cores have been harvested can still be eval-
uated, as the majority of the original tissue archi-
tecture is maintained. The length of the tissue
cores obtained from each block is directly related
to the thickness of the specimen embedded in par-
affin. Longer cores can be obtained from larger
specimens and shorter cores from thinner or
smaller specimens. For large samples, the effect of
taking cores can be almost negligible. For smaller
samples, the tissue core technique offers the best
method for conserving tissue and preserving the
original tissue block for other studies. In compari-
son, scalpel microdissection of as few as ten 5-lm
sections from a specimen 5 mm in diameter would
use more tissue than a section 3.5 mm in length
taken from a single tissue core. Analysis has
shown that adequate DNA for PCR analysis can
be obtained from core segments as small as 1 mm
in length. Additionally, the frustrating problem of
air currents or static causing scraped material
from conventional section to be repelled from the
tube, fall to the floor, or cling to the exterior of the
tubes is overcome by the use of the core approach.
The combination of DNA extraction from tis-
sue cores with simultaneous construction of tissue
microarrays offers additional advantages. The tis-
sue core for DNA extraction can be taken directly
adjacent to a core of tissue that is to be inserted
into the tissue microarray. This provides a high
degree of correlation between immunohistochem-
istry and DNA applications. While the ability to
separate normal and tumor is possible with other
methods of DNA extraction, the tissue core me-
thod has the advantage of being simple and quick.
This allows for the rapid acquisition of DNA for a
variety of applications. The combination of tissue
core DNA extraction together with GeneChip
technology allows for a rapid turnaround time for
both sequence and immunohistochemistry data.
In about the same time it takes to construct and
stain a tissue microarray, results are available on
mutation status using GeneChip technology. DNA
extracted by the tissue core method was success-
fully used to study the mutation status for p53 in
43 laryngeal carcinoma samples.
An important concern regarding the tissue
core method of DNA extraction was whether the
efficiency of DNA extraction would be reduced
due to the larger fragment size. The larger tis-
sue fragments obtained from tissue cores have a
lower surface area exposed for proteinase K
digestion than the tissue fragments harvested
by microdissection or LCM. This potential prob-
lem is easily overcome by using overnight pro-
teinase K digestion. With this technique, the tis-
sue core method for DNA extraction produces
excellent DNA yields with no compromise of
DNA quality.
Normal tissue contamination is an important
factor when comparing tumor and normal speci-
mens for allelic imbalance and heterozygosity.
DNA obtained from carefully mapped tissue cores
selected from areas of normal and tumor allows
for this type of analysis. The degree of normal tis-
sue contamination of tumor specimens has pro-
ven to be equivalent to that obtained by tradi-
tional microdissection. In cases in which the spec-
imen contains a high degree of normal tissue
contamination and purity is essential, for exam-
ple, when there is a very marked lymphoid
response, LCM may be superior to the tissue core
or microdissection techniques. Analysis of LOH
at 18q for 8 different polymorphic markers has
shown identical results with DNA obtained from
microdissected specimens and from tissue cores.
This confirms that the quality of DNA and the
degree of normal tissue contamination of the tu-
mor samples extracted by the tissue core tech-
nique allows for this type of analysis.
As with any method for extracting DNA from
paraffin-embedded tissue, the tissue core method
offers the possibility of using tissues that have been
stored for many years. The larynx specimens used
in this study were originally fixed 15 or more years
ago. The ability to successfully extract DNA from
preserved tissue samples provides great potential
to take advantage of archived tissue sample. Diffi-
culties can arise with older tissue samples when
trying to amplify DNA fragments of greater than
approximately 250 bp. These problems are not the
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result of the method of DNA extraction, but are
related to the age of the tissue and the method of
fixation. Strategies can be devised to overcome the
problem of DNA fragmentation, as we demon-
strated with exon 4 and 5 of the p53 gene in these
experiments.
Recently, tissue microarray technology has been
used to create frozen tissue microarrays.13 The pri-
mary advantage of such arrays is the preservation
of RNA, which is degraded during the fixation
required for paraffin embedding. Tremendous po-
tential exists for combining cDNA microarray ex-
pression screening analyses with analysis of both
DNA and protein on these frozen tissue microar-
rays. This DNA extraction method can easily be
adapted to be used in conjunction with a frozen tis-
sue microarray, allowing correlation of DNA, RNA,
and protein data gathered from almost identical
sites.
The results of this study demonstrate that the
use of DNA extracted from tissue cores for genetic
studies is a practical and technically simple com-
panion to tissue microarray profiling. This method
has been successfully used to provide rapid and
direct correlation of p53 mutation status with
expression studies, and in a study looking for
allelic imbalance and heterozygosity in head and
neck cancer.
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